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Reserve University,  Cleveland.) 
PLATES 22 TO 24. 
The calorimetric method  already  described  for the  measurement 
of the flow in the hands  1 was modified to suit the feet.  This made 
it  possible  to  make observations on, persons  who were  too ill  to  sit 
in a  chair  for hand flow measurements. 
Since the  heat  given  off by  the  foot  of  a  normal  adult  is  con- 
siderably less than that given off per  IOO cubic centimeters of tissue 
per minute by the hand, 2 it  was  necessary to construct  the irrterior 
vessel so that as small an amount  of water as possible would suffice 
to  immerse  the  foot completely. 
TECHNIQUE. 
In  its  final  form  the  foot  calorimeter  consists  of  an  interior  oval  vessel  of 
tinned  copper  (figure  I)  packed  in  broken  cork  in  an  outer  vessel  of  galvan- 
ized iron.  Both vessels are somewhat wider at the anterior (toe)  end  than  at the 
posterior  end.  The top  of the  inner  vessel has  in  it an  oval opening  somewhat 
wider  at  the  anterior  end.  This  opening,  as  is  obvious  from  the  shape  of  the 
fool  must  be  much  larger  than  in  the  case  of  the  hand  calorimeter,  and  when 
the  foot has  been inserted  it is partly  closed by  the  removable copper  lid  shown 
at  the  right  lower  corner  of  the  figure.  The  hole  in  this  lid  allows  it  to  be 
lifted  easily  by  the  fingers.  On  the  lid,  once  the  foot  is  in  position,  lies  the 
thick  felt collar shown  at  the left of the  figure.  Inside the  calorimeter  the  foot 
rests  on thick  copper wire netting,  shown  leaning against  the  front  of  the  calo- 
rimeter.  This  allows  the  water  to  pass  freely under  the  foot when  it is  stirred 
by the two  goose  feathers,  the ends  of which are  seen protruding  from  the two 
openings  one  on  each  side  of  the  thermometer.  The  calorimeter  in  the  figure 
is  tilted  so  as  to  display  the  posterior  end  of  the  footrest  lying  in  position  on 
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the bottom of the inner vessel.  The anterior  part  of the top of the inner vessel 
slants  down somewhat  towards  the  front in order to  reduce the  capacity of  the 
vessel without  encroaching on the space needed  for the toes.  The thermometer 
is protected  against  contact  with the patient's  toes  by a  cylinder  of  copper  per- 
forated  with numerous  holes,  which  passes  down  through  the  top  of  the  inner 
vessel to the level of the lower end of the bulb.  The orifice for the introduction 
of  the  foot is  surrounded  by a  flange on  which  the lid  and  the  felt  collar  rest. 
Vertical  rings  of  copper  surround  all the  orifices so  as  to  allow the top  of  the 
inner  vessel  to  be  covered,  first  with  a  layer  of  broken  cork,  and  above  that 
with  sheet cork.  The upper  surface  of the sheet cork is varnished.  The  thick- 
ness  of  the layer  of  cork  over the  greater  part  of  the  inner  vessel  is  25  ram., 
but more in front. 
The  outer vessel is 260  mm.  deep, 225  ram.  wide in the middle,  and  4oo ram. 
long.  The  inner  vessel is  125  ram.  deep below the flange at the  posterior  (heel 
end),  135  ram.  deep below the flange in the middle,  12o ram.  wide in the middle, 
and  32o  ram.  long.  The  length  of  the  orifice at  the  flange  from  front  to  back 
is  19o  ram.,  the width  at  the  middle  IOO ram.  The  flange is  about  8  ram.  wide, 
but  a  little  broader  posteriorly.  The  length  of  the  orifice  from  front  to  back 
when  the  movable  lid  is  in  position  is  9o  ram.,  and  its  breadth  82  mm.  The 
height of the footrest at the heel end is 24 ram., and  at  the toe end  IO ram. 
Figure 2  shows  the  position  of  the  patient  with  his  feet in  the  calorimeters 
when  he is  well enough to  sit in the high chair  described  in the paper  on  meas- 
urement of the flow in the hand.a  For the convenience of the observer the chair 
and  the calorimeters  are placed upon  a  platform  so  as  to  elevate the thermom- 
eters to a  sufficient height above the floor to enable them to be read conveniently. 
By a simple method of fixation all possibility of slipping of the chair is prevented. 
In the first experiments a  horizontal pencil mark was drawn around  the ankle, 
always  bearing  the  same  relation  to  the  external  malleolus,  and  above  this  a 
parallel  line  was  drawn  at  a  distance  equal  to  the  thickness  of  the  felt  collar 
plus the thickness of the flange.  The height of the calorimeters was then adjusted 
so  that  the  upper  line just  appeared  above  the  felt collar,  the  patient  sitting  in 
the chair  with  his  legs  hanging  down.  The  footrest  inside the  calorimeter was 
not used with this arrangemen~t.  It was  found  to be  somewhat  troublesome  for 
the  patient  to  maintain  the  same  level throughout  the  experiment  in  this  way. 
It  was  therefore  decided  to  abandon  it and  to cause  the patient  to  set  his  foot 
on  the  footrest.  Before  withdrawal  of  the  foot  a  pencil  line  is  now  traced 
around  the ankle just below the flange, or it may be traced above the collar, and 
after  withdrawal  of  the  foot  a  parallel  line  traced  at  a  distance  below  the 
first  line  equal  to  the  combined  thickness  of  collar  and  flange.  The  object 
of  the  first  procedure  was  to  insure  that  in  all  experiments  the  foot  should  be 
inserted  into  the  calorimeter  to  the  same  anatomical  level,  as  was  always  done 
with the hands.  In the case of the hands  undoubtedly a  fairer comparison of the 
flow in different individuals is obtained in this way than if the fingers were made 
in  every case to  touch the bottom of  the calorimeter,  since the inclusion  of dif- 
ferent  proportions  of  the  wrist  and  forearm  would  to  some  extent  vitiate  the 
results.  From  the  shape  of  the  foot,  however,  it  is  clear  that  the  second  pro- 
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cedure  leads  to  a  much  smaller  variation  in  the  portion  of  the  foot  immersed 
than  would  be  the  case  for  the  hand,  since  in  the  adult  the  variation  in  the 
vertical distance  from  the sole  to a  given anatomical point on the ankle is much 
less  than  the  variation  of  the  length  of  the  hand,--from  the  tip  of  the  middle 
finger  to  a  fixed  anatomical  point  on  the  wrist,  for  example.  As  a  matter  of 
fact,  in  the  adult  patients  examined  the  variation  in  the  distance  between  the 
flange  and  a  fixed  point  on  the  external  malleolus  when  the  sole  rested  on  the 
footrest  was  small.  Any  error  in  comparing the  feet  of  different  persons  was 
further  reduced  by  the  fact "that the  difference  of  level  affected  the  portion  of 
the  foot  (the  ankle)  whose  horizontal  cross  section  was  smallest.  For  very 
small feet, as  those of children, an additional  footrest which increased  the  space 
between the  sole  of  the  foot  and  the  bottom  of  the  calorimeter  was  employed. 
A  great  advantage  of  the  footrest,  in  addition  to  the  increased  comfort  of  the 
patient,  is the certainty that without any attention the  foot  remains  at  the  same 
level  within  the  calorimeter  throughout  the  experiment.  For  particular  pur- 
poses  in the  case  of  children or  of  adults  with  exceptionally  small  feet,  it  may 
sometimes be desirable, where  accurate comparison  is  required  with  other cases, 
to  revert to  the  first method,  although of  course  for  comparison  of  the flow  in 
the  feet of one and the  same person at different times  or  under  different condi- 
tions, this would  offer  no  advantage. 
The  volume  of  the  foot  was  measured  by  displacement  in  the  same  way  as 
that of  the hand.  The  oval  copper  vessel  at  the  left  of  figure  2  was  made  for 
this  purpose.  The  cross  section  of  the  vessel  must  be  as  small  as  possible  in 
order  to  permit  as  large  a  change  of  level  as  possible  in  the  attached  burette. 
Where  very  large  or  very  small  feet  are  being  investigated  it  is  of  advantage 
to have vessels of correspondingly different size. 
When patients are not well  enough to  sit up  in the chair the flow  in the  feet 
can be measured in the way shown in figure 3.  The subject is lying on his back 
on a  movable bed with his legs hanging over the  foot of the bed.  The height of 
the  calorimeters  is  adjusted  so  that  the  soles  of  the  feet  rest  on  the  footrest. 
No  complaint of  discomfort was  made by any of the  fever patients  investigated 
in  this way. 4 
The  technique  of  the  preparatory  bath  is  the  same  as  that  for  the  hands, 
except that instead of the patient putting his  feet into the bath, the bath is gen- 
erally slipped  up  over  his  feet.  This  is  necessarily  the  case  where  patients  are 
examined in bed.  On account of the greater thickness of the feet, the period of 
immersion in the bath can advantageously be made longer than is necessary  for 
the hands.  For the same  reason  it  is  probable that the calculated  results  differ 
from  the  actual  flow  by  a  greater  amount  in  the  case  of  the  feet  than  in  the 
case of the hands.  In both,  of course,  the observed flow  establishes a  minimum 
below which the actual flow cannot lie.  It was pointed out in the previous com- 
munication that  this  follows  from  the principle of  the  method. 
Another  point  of  considerable  importance  is  that  the  feet  and  legs,  being 
less  accustomed  to  exposure  than  the  hands  and  arms,  at  least  in  temperate 
climates,  greater  precautions  have  to  be  taken  to  prevent  vasoconstriction  due 
to the exposure,  especially of wet skin, to the air of the room.  The legs are kept 
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covered as  far  as  possible down to  the bath,  and  afterwards down to  the  calo- 
rimeters.  A  somewhat higher  bath  temperature than  that  commonly employed 
for the hands  is  probably also  advantageous  for the  foot  measurements. 
In general, measurements of the hand flow are to be preferred for obtaining 
information  as  to  the  condition  of  the  circulation  as  a  whole.  It  is  in  cases 
where the local conditions made it  desirable to examine the foot flow, or  where 
the patients were too ill to sit up  for the hand examination, that  foot flow meas- 
urements were undertaken.  For the sake of comparison the hand flow was also 
measured  wherever possible.  It  will  be  pointed out  later  that  the  ratio  of  the 
foot flow to the hand flow sometimes reveals interesting features. 
The quantity of water put into each calorimeter where the feet are of average 
size is 2,775 c.c.  In  the protocols, if  no  quantity  is  mentioned,  it  is  always  to 
be  understood  that  this  is  the  amount.  In  the  earlier  observations where  the 
capacity of the calorimeters was greater, larger quantities were employed.  These 
are always stated in the protocols.  It was afterwards decided to  reduce the size 
of the inner vessels by cutting a  segment off the bottom, so that a  greater rise of 
the  thermometers might  be  obtained.  This  is  mentioned to  prevent  confusion 
in comparing the results in the earlier and later experiments.  The foot volumes 
are larger in some of the earlier observations than  in the later ones because the 
feet were inserted into the calorimeter to a  greater depth.  This, however, is not 
necessarily the case in the experiments in which the feet hung down in the calo- 
rimeter, but it  is always the case in the experiments made where feet rested on 
the footrest in the calorimeters before they were reduced in  size. 
Water  Equivalent  of  the  Foot.---A  foot  was  obtained  from  the  body  of  a 
well  nourished  woman,  45  years  old,  who  died  of  lobar  pneumonia.  The  foot 
was normal in all respects and was in excellent condition.  A  tube of skin having 
been reflected, the leg bones were sawed through at  the level which in  an  aver- 
age adult  foot would be just inside the flange when in position in the calorimeter. 
The  skin was closely stitched around the bone and  the line of sutures well cov- 
ered with melted paraffin, to  render the preparation water tight.  The  foot was 
slung by  means of a  thin copper wire in  a  bath,  the temperature of which was 
kept constant by a  regulator.  The water was continuously stirred by a  mechan- 
ical  arrangement.  The  foot was  put into the bath  at  11.3o A.lvi.  At  12.31 P.M. 
3,275 c.c.  of water were put into one of the  foot calorimeters.  At  1.o2 I,.~.  the 
foot was quickly transferred from the calorimeter after being rapidly wiped with 
a  towel taken out of a  thermostat at 38  °  C.,  and the rise of temperature in the 
calorimeter  was  followed  as  in  the  corresponding  experiment  on  the  hand~ 5 
Time. 
12.23 
I2.28 
I2.39 
I2.48 
12.54 
I.O0 
Temperature of 
--__Cal°rimeter"  Air;  Bath. 
37.96 ° 
37.96 ° 
15.69 °  [  I8.8  °  [  37.96 ° 
15-8o  °  [  I8.8 °  [  37.96 ° 
15.85 °  [  18.8 °  [  37.97 ° 
15.895 °  /  18.8  °  [  37.97 ° 
Time. 
1.25 
1.27 
1.29 
1.31 
1.34 
1.37 
Temperature of 
Calorimeter.  Air. 
18.3o  °  I9.9  ° 
I8.36 °  19.8 ° 
I8.39 °  I9.8 ° 
I8;445 °  19.7 ° 
I8.5 o°  I9.7 Q 
I8.56°  I9.70 
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Time. 
1.o  5 
1.o6 
1.07 
1.08 
I.O9 
I.II 
I.I  3 
1.15 
1.17 
1.19 
1.2I 
1.23 
• C~ ME'met( 
17.o8  ° 
17.22  ° 
17.36  ° 
[  17"460 
1  o  7.55 
x 7.69  ° 
17.825  ° 
17.920 
18.02  ° 
18.10  ° 
18.175  ° 
18.235  ° 
Temperature of 
Air. 
18.95  ° 
19.o  ° 
I8.95 ° 
19.1  ° 
19.7  ° 
I9.7  ° 
I9.7  ° 
19.8  ° 
19.9  ° 
Bath. 
Time. 
1.4  I 
1.45 
1.5o 
1.55 
2.07 
2.09 
2.21 
2.33 
2.46 
2.56 
3.20 
Temperature of 
Calodmeter.  Air. 
I8.6I °  19.6  ° 
18.665  °  I9.4  ° 
18.71°  19.5  ° 
18.755  °  19.6  ° 
I8.82  °  19.7  ° 
18.83  °  I9.7  ° 
18.88  °  19.5  ° 
18.9I  °  19.5  ° 
18.935  °  I9.6  ° 
18.955  °  19.5  ° 
18.99  ° 
Weight  of  foot,  76o  gm.  Volume  of  foot,  717  c.c.  The  specific  gravity  of 
the  foot  was  therefore  1.o6.  This  is  less  than  that of  the  hand,  as  determined 
before,  probably because  of  a  considerable  amount  of  fat.  After  allowance  is 
made  for the small amount of heat gained by the calorimeter during the experi- 
ment, the specific heat works  out at o.71.  The  factor by which it is necessary to 
multiply the volume  of  a  foot in order  to  obtain its  water  equivalent is  accord- 
ingly  I.O6 X  o.71,  or o.75. 
The  temperature  of  the arterial blood  entering the  foot  was  not  determined, 
as  it is  certain that it cannot differ much  from  that of  the arterial  blood  at  the 
wrist, which was previously shown in a  normal man to be o.5  °  C. below the rectal 
temperature.  To  allow,  however,  for  the  longer  path,  it  was  assumed  that  at 
the  ankle  the  arterial  blood  is  o.I °  lower  than  at  the  wrist.  This  makes  no 
material  difference  in  any  case,  but  it  helps  to  offset  the  greater  error  in  the 
case  of  the  foot  involved in  the  assumption  that  the  venous  blood  leaving the 
foot is  on the average at the temperature of  the calorimeter.  From  the dimen- 
sions  of  the  foot,  it  is  probable that the difference  between  the  temperature  of 
the  venous  blood  at  the  ankle  and  that  of  the  calorimeter  is  greater  than  the 
difference between the average temperature of the venous blood at the wrist and 
that of the calorimeter.  Yet in the foot, as in the hand, most of the blood must 
in some part of its path  follow a  relatively superficial course. 
One  point  in  connection  with  the  calculations,  which  has,  perhaps,  not  been 
made  clear  in  the  previous  paper  on  the  method,  although  it  is  sufficiently 
obvious, may be referred to here, lest a  reader in recalculating experiments should 
be  puzzled  by  small  discrepancies.  In  allowing  for  the  cooling  of  the  calo- 
rimeters,  the  rate  of  cooling  observed  at  the  end  of  the  experiment  has  been 
corrected  for  each  period  into  which  the  observations  are  divided,  by  taking 
account of  the  difference of  the  average temperature  of  the calorimeter  for  the 
given  period  and  the  room  temperature.  Where  the  total  change  of  tempera- 
ture of  the calorimeters in the whole  experiment is  small,  this correction can be 
omitted  without  material  error.  In  no  case  is  the  error  that  is  introduced  by 
omitting  the  correction  a  great  one. 
As no results on the feet have hitherto been published,  it is neces- 
sary,  in  order  to  afford  a  standard  of  comparison  for  the  patho- G.  N.  Stewart.  359 
logical cases, to cite some of the results on r~ormal persons.  These 
were obtained  on  M.  C.,  a  man  aged  24  years,  height  5  feet,  :to 
inches, weight I65 pounds,  on whose hand flow numerous observa- 
tions  had been made; J.  R.,  a  man agec~ 20 years, height 5  feet, 4 
inches,  weight  I25  poun6s;  C.  B.,  a  man aged  24 years,  height  5 
feet, 81~ inches, weight 13 °  pounds; and N. R., a boy aged 8 years, 
9 months, height 3 feet, I I  inches, weight 54 pounds.  The ages are 
given as ~it the time of writing of the present paper. 
M.  C.--May  I8,  I9II.  Right  foot  put  into  bath  at  2.37  v.M.,  and  into  calo- 
rimeter  at ~.47½.  3,700  c.c. of water  in calorimeter.  Pulse (sitting)  76.  The  sub- 
ject  was  sitting  throughout  the  experiment,  his  foot  hanging in  the  calorimeter. 
Time. 
2.47 
2.49 
2.50 
2.5I 
2-52 
2.53 
2.54 
Tempera-[ 
ture of right [  Notes. 
calorimeter. 
3I.I7 ° 
31.2I ° 
31.25 °  Room temperature 
26.4  ° C. 
31.27 ° 
31.305 ° 
I  o  3  .34 
31.39 °  , 
Time. 
2.55 
2.56 
2.57 
2.58 
2.59 
3.00 
3.I6 
['empera- 
re of righl 
Jorimeter 
31.42° 
31.45 ° 
31.48° 
31.5 I° 
31.535  ° 
31.58° 
3 r.395 ° 
Notes. 
Room temperature 26.4  ° C. 
Foot out of calorimeter at 
3.00. 
Room temperature  26  ° C. 
Cooling of calorimeter 0.I85 ° in I6 minutes. 
Volume  of  right  foot  in  calorimeter  (to  upper  level  of  external  malleolus) 
i~2IO  c.c. 
Water  equivalent  of  calorimeter  and  contents  4,807  c.c.  Rectal  temperature 
37.5 °  C. 
Here with 'the relatively high  room temperature of 26.4 °  C. the 
flow per roo cubic cemimeters of foot per minute is 3.54 grams for 
the right foot, whiCh alone was immersed. 
On June  I7,  I9I r,  with a  considerably lower room temperature 
(21.8 ° C.)  and a somewhat lower calorimeter temperature, although 
a  higher pulse rate, the flow was higher  (4.93  grams  for the right 
and 4.24 grams for the left foot). 
June  I7,  x9II.  Feet  put  into  bath  at  r.29  v.~.  and  into  calorimeters  at  x.4o 
r.~.  3,700  c.c.  of  water  in  each  calorimeter.  Room  temperature  21.8  °  C.  The 
examination was made in a  very large room with the windows closed,  so that  the 
temperature  was  practically  constant  throughout,  and  was  exactly  21.8  °  C.  at 
the beginning and  at  the  end  of the  experiment. 360  Studies on the  Circulation  in Man. 
Time. 
1.39 
1.42 
1.43 
1.44 
1.45 
1.46 
1.47 
1.48 
Temperature of 
calorimeters. 
Right.  Left. 
30.20  °  29.93  ° 
30.24  °  29.980 
30.28  °  30.00  ° 
30.33  °  30.04  ° 
30.37  °  30.085  ° 
30.420  30.I0  ° 
30.46  °  30.18  ° 
30.53  °  30.225  ° 
Time. 
1.49 
1.51 
1.52 
1.53 
1.54 
1.55 
2.1I 
Temperature of calorimeters. 
Right. 
30.580 
30.69  ° 
30.73  ° 
30.80  ° 
30.84  ° 
3o.91  ° 
3o.63  ° 
Left. 
30.245  ° 
30.37  ° 
30.40  ° 
30.43  ° 
30.49  ° 
30.520 
30.27  ° 
Notes. 
Better stirring. 
Fe::me~eU:  of  calo- 
s  at  1.55. 
i 
Cooling  of  calorimeters  in  sixteen  minutes,  right  0.28 °  C.,  left  0.25%  Pulse 
(sitting)  84.  Rectal temperature 37.6  °  C.  Water  equivalent of  calorimeters 
with  contents,  right  4,777  c.c.,  left  4,714  c.c.  Volume  of  right  foot  in  calo- 
rimeter  1,17o  c.c., of  left  1,o85  c.c.  The  subject  was  sitting,  the  feet  hanging  in 
the  calorimeters. 
On May 2,  191I, with an average room temperature of 25.2 °  C., 
,the flow in the right foot was 3-57 grams, per IOO cubic centimeters 
per  minute, which was only slightly increased  (to 3.65  grams)  on 
working the foot, in contrast to the marked increase obtained in the 
hand on rhythmically closing and unclosing the fist. 
May  2,  1911.  Right  foot  put  into  bath  at  3.14  P.M.,  and  into  calorimeter  at 
3.26.  The  subject  sat  with  his  foot  hanging  in  the  calorimeter,  which  contained 
5,000  c.c.  of  water.  Left  foot  and  leg  not  uncovered. 
3.25½ 
3.27 
3.28 
3.29 
3.3O 
3.3I 
3.32 
3.33 
3-34 
3.35 
3.36 
Tempera- 
ture of right  Time.  ca orimeter. 
30.26  ° 
30.28  ° 
3o.3 °o 
3o.32° 
3o.35  ° 
3o.39  ° 
3o.42° 
3o.47  ° 
30.49  ° 
30.520 
30.56  ° 
Notes. 
Room  temperature 
25.i°. 
Room  temperature 
25.20° 
Room  temperature 
25.3 ° . 
At  3.33  began  to 
work the foot. 
Room  temperature 
25.4  ° . 
Tempera- 
rime.  ture of right 
ca orimeter. 
I 
3.37  I  3o.59  o 
3.38  3o.625  ° 
3.39  3o.66  ° 
3.40  3o.69  ° 
3.41  30.71  ° 
3.42  3o.73  ° 
3-43  3o-765  ° 
3.44  30.79  ° 
3.52  30.7 I° 
3.53  3O.7  °o 
Notes. 
At 3.38 stopped working 
foot. 
Room temperature  25- i o. 
At 3.44 toot out  of calo- 
rimeter. 
Volume of foot in calorimeter 1,22o c.c.  Rectal 
temperature  37.4  ° .  Water  equivalent  of 
calorimeter and contents, 6,115 c.c. G. N. Stewart.  361 
Observations  on emptying and, filling the superficial veins in the 
hand and foot during such movements s,how that a greater influence 
may be expected to be exerted on the flow in the hand.  This is con- 
firmed by observations on the foot of C.  B.,  in which the increase 
of flow during the movements  (from 4.73  to  5.32  grams, per  IOO 
cubic centimeters of foot per minute), although greater than in the 
experiment on M. C., is still small in comparison, with the increases 
formerly obtained in the hands. 
C.  B.--May  2,  1911.  Right  foot  put  into  bath  at  2.19  P.~.,  and  into  calorim- 
eter  at  2.308  P.M.  5,ooo  c.c.  of  water  in  the  calorimeter.  Pulse  (sitting)  72. 
The  subject  sat  during  the  blood  flow  measurements.  The  left  foot  and  leg 
were  not  undressed.  The  right  foot  was  hanging  free  in the  calorimeter. 
Time. 
2.30 
2.32 
2.33 
2.34 
2.35 
2.36 
2-37 
2.38 
2.38~ 
2.39 
2.40 
Temper- 
ature of 
right calo- 
rtmeter. 
29.88 ° 
29.91 ° 
29.94 ° 
30.00  ° 
30.03  ° 
30.06 ° 
3O.lO  ° 
30. I2 ° 
3o.165 ° 
30.20 ° 
Notes. 
Room  temperature 
26.3 ° . 
Room  temperature 
26.3 ° . 
Began  to  work  the 
foot. 
Time. 
2.41 
2.42 
2.43 
2.44 
2.45 
2.46 
2..56 
Temper- 
ature of 
right calo- 
rimeter. 
30.24  ° 
3O.275 ° 
30.31° 
3o.345 ° 
3o.39 ° 
30.44  ° 
30.34  ° 
l~otes. 
At 2.42 stopped workinl 
foot. 
Room  temperature  26  °, 
At 2.46 foot out of  calo- 
rimeter. 
Room temperature 25.7  °, 
Volume  of  foot  in  calorimeter  980  c.c. 
Rectal  temperature  36.9  °.  Mouth  36.45 ° 
Water equivalent of calorimeter and contents 
:5,935 c.c. 
To  compare  the  flow  in  the  feet  in  the  sitting  and  the  supine 
position, which was necessary as a  check on the observations in the 
fever patients,  the experiments of March 26,  1913,  on M.  C.,  and 
of March 25,  1913,  on J.  R.  were performed.  In the first part of 
the experiment the  subject  reclined,  with  his  feet  in  the  calorim- 
eters;  then  without  altering  the  position  of  the  feet  in  the  least 
he  sat  up,  the observations  being continued without  a  break.  In 
both experiments the soles of the feet rested throughout the observa- 
tions on the footrest in the calorimeters.  In the same experiments 
observations  were made  on the vasomotor  reflexes elicited in  one 362  Studies on the Circulation in Man. 
foot  by  immersion  of  the  other  in  warm  or  cold  water,  according 
to  the  routine  already  described  for  the  hand2 
M.  C.--March 26,  I913.  Pulse  (sitting)  98.  Feet put into  bath  at  1.42 p.m. 
At  1.54 P.M. the subject lay down  on his back.  At  1.56 P.~.  feet put into  calo- 
rimeters.  2,775 c.e.  of  water  in  each  calorimeter.  The  calorimeters as  finally 
reduced  in  capacity were  used. 
Temperature of 
Time.  Calorimeters. 
Room 
Right.  Left. 
1.58  3O.87  °  [  50.88  °  24.3 
2.O0  30.97  °  [  50.93  °  24.3  c 
2.02  31"O6°  I  5I'OI° 
2.o4  31.18  °  51.14  °  24.3  c 
2.06  31.295°1  ;1.20  ° 
2.08  31.43  °  I  ;1.39  °  24.3  c 
2.10  31.57  °  I;1.51° 
2.12  31.7  °0  I;1.65  °  24.I  C 
2.14  31.795 °  ;I.75  ° 
2.16  31.87  °  31.82°)24.2  ° 
Notes. 
From  2.o4  to 
2.o6 stirring of 
left  calorim- 
eter  insuffi- 
cient. 
Pulse (lying 
down) 92 . 
At  2.I4  subject 
sat  up  and 
continued sit- 
ting for rest of 
experiment. 
Time. 
2.18 
2.20 
2.22 
2.24 
2.26 
2.28 
2.3o 
2.32 
2.32~ 
Temperature of 
Calorimeters.  Room. 
Right.  Left. 
31.920  31.91 °  24.3  ° 
31.99  °  31.96  ° 
32.o8  °  32.o4  °  24.6  ° 
32.10  °  32.10  °  ] 
32.I8  °  32.18  ° ] 24.6  ° 
32.23  °  32.25 ° 
32.295  32.31° [ 24.4  ° 
I 
32.37  ° 
32.320  I 
Notes. 
Stirring  of 
right  cal- 
orimeter 
insuffi- 
cient  for 
the  last 
minute. 
At2.3oright 
f o o t  put 
i n  water 
at 8 ° C. 
2.34 
2.36 
2.38 
2.40 
2.42 
2.44 
2.46 
2.48 
2.50 
2.52 
2.54 
32 38  °  ' 
132.42° o[ 
32.465  ] 
32.495 ° ]  i3254: 
32.60  ] 
32.68  ° 
132.73 °  ] 
32.78° 
32:80  ° 
32.86  ° 
24.6  ° 
24.6  ° 
24.6  ° 
24.6  ° 
24.6  ° 
24.6  ° 
Subjectsaysthe 
left foot feels 
colder  than 
before. 
At  2.50  right 
foot  put  in 
water at 43  ° . 
2.56 
2.58 
3.00 
3.02 
3.03 
3.04 
3.06 
3.o7 
3.18 
32.905 o 
32.99  ° 
33-095 o 
33.22  ° 
33.31° 
33.4o5 o 
33.40  ° 
33.17  ° 
24.6  ° 
24.7  ° 
24.6  ° 
Tempera- 
ture  of 
right  cal- 
orimeter 
31.8o  °. 
At 3.06 foot 
removed 
from  cal- 
orimeter. 
Pulse  (sit- 
ting)  97  ° . 
Cooling of  right calorimeter 0.520  in  311/~ 
minutes. 
Cooling of left o.23  ° in IX minutes. 
Volume of right foot 1,232 c.c., of left I,I95 
C.C. 
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Hands  put  into  bath  at  3.4o  P.M.  Hands  put  into  calorimeters  at  3.52.  3,oi5 
c.c.  of  water  in  each  calorimeter. 
Temperature of 
Time.  Calorimeters. 
Room. 
Right.  Left. 
3.51½  31.10  °  31.22  ° 
3.53  31.10°  31.26° 
3.54  31.18°  !31.320  24.3  ° 
3.55  31.26°  131.41° 
3.56  31.35  °  i31.50  ° 
3.57  31.44  °  31.59  ° 
3.58  3I:530  31.67  °  24.3  ° 
3.59  31-63  °  31.76  ° 
4.O0  31.72  °  31.8I  °  24.3  ° 
4.OI  31.795 °31.895 ° 
4.02  31.87  °  31.98  ° 
4.03  31.9I °  24.3  ° 
4.O4  31.980 
4.O5  32.02  °  24.4  ° 
4.O6  32.08  ° 
4.O7  ;2.14  °  24.5 ° 
4.08  32.2I ° 
4.09  32.27  °  24.3 ° 
4.10  32.31° 
Notes. 
At  4.02  left 
hand  put  in 
water at 8 ° C. 
Time. 
4.11 
4.12 
4.13 
4.14 
4.15 
4.16 
4.z7 
4.18 
4.I9 
4.20 
4.21 
4.22 
4.23 
4.24 
4.25 
4.26 
4.27 
4.53 
Temperature of 
Right 
calorim-  Room. 
eter.  4 
32.37  ° 
32.43  °  24.4  ° 
32.49  ° 
32.53  °  24.3  ° 
32-595 
32.67°i 
32.7I °  24.4  ° 
32.74°  i 
32.78°  [ 
32.83  °  [ 24.25  c 
32.88  ° 
32.93  °  24.35  ~ 
32.98  ° 
33.03  °  24.3  ° 
33.08  ° 
33.I25 °  24.3  ° 
33.22  ° 
32.9  °0 
Notes. 
At  4.16  left  hand 
put  in  water  at 
43  °  C. 
At 4.27 hand out of 
calorimeter.  ~ll 
Temperature  of left 
calorimeter 31.4o  °. 
Cooling  of  calorimeters,  right  0.32  °  C.  in  26  minutes;  left  0.58  °  C.  in  51 
minutes.  Volume  of  right  hand  505  c.c.,  of  left  485  c.c.  Rectal  temperature 
37.1 °  C.  Water  equivalent  of  calorimeters  with  contents  in  feet  observations, 
right  3,899,  left  3,871.  The  corresponding  numbers  for  the  hand  observations 
are,  right  3,499,  and  left  3,483. 
l.  R.--March  25,  1913.  Feet  in  bath  at  1.44  P.M.,  and  in  calorimeters  at  1.58 
P.M.  Pulse  (sitting)  85.  At  2.o1½  P.M.  subject  lay  on  his  back.  2,775  c.c.  of 
water  in  each  calorimeter,  as  finally  reduced  in  capacity. 
Time. 
1.57 
2,00 
2.02 
2.04 
2.06 
2.08 
2,I0 
2.I2 
2.I 4 
2.16 
2.18 
Temperature of  L 
Calorimeters. 
Room. 
Right.  Left. 
30.86  °  30.77  ° 
30.87  °  3o.81  ° 
3o.98  °  ]30.88  ° 
31.15  °  31.o6  °  24.8  ° 
31.3o  °  !3i.i9  °  25.0  ° 
31.48  °  !  31.365 ° 
31.66  °  31.495  25.3  ° 
31.82  °  31.68  ° 
31.95  °  31.79  °  24.9  ° 
32.095 °  31.9  I°  24.7  ° 
32.23  °  ]32.O3  °  24.6  ° 
Notes. 
Pulse (lying) 76 
Sat  up at  2.16 
and  contin- 
ued sitting 
l'ime. 
2.20 
2.22 
2.24 
2.26 
2.28 
2.30 
2.32 
2.34 
2.36 
2.38 
Temperature of 
Calorimeters. 
Room 
Right.  Left. 
;2.33  °  32.12  °  24.6  ° 
;2.44  °  32.2O  °  24.7  ° 
;2.58°  32.33  ° 
;2.720  32.44  °  24.60 
~2.85  °  32.54  °  24.6  ° 
~2.970  32.650 I 24"4  o 
13.o2  °  32.71°  24.5  ° 
13.o95  32.77  ° 
~3 "I0°  32.8I° 1 
32.85  ° 
Notes. 
At  2.342 
right foot 
put  in 
wate  r  at 
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Time. 
2.4o 
2.42 
2.44 
2.46 
2.48 
2.50 
Temperature of 
Calorimeters.  ] 
Right.  Left. 
32.885 ° 
32.92° 
32.97  ° 
33.o25 o 
33.o95 o 
33.13  ° 
i Notes.  Time. 
Room. i 
i 
24.5  °  2.52 
2.54 
24.5  °  At  2.44  2.56 
24.5  °  right  2.58 
24.4  °  foot  3.oo 
24.4  °  put in 
water  3-o3 
at  43 ° 
C.  3.26 
Temperature of 
Calorimeters. 
Room. 
Right. [  Left. 
i  o 
33.195  24.4  ° 
i33.28  °  24.5  ° 
]33.37  ° 
133.445°  24.4  ° 
!33.5o5 °  24.4  ° 
33.50  ° 
33.04  ° 
I 
Notes. 
Foot  removed from 
calorimeter at 3.oo 
Temperature of 
right 32.61 °  C. 
Temperature of 
right 32.23  °  C. 
Cooling  of  calorimeters,  right  0.87  °  C.  in  50  minutes  (0.38  °  in  the  last  23 
minutes);  left  o.46  °  in  23  minutes.  Volume  of  right  foot  i,oo8  c.c.,  of  left 
foot 959 c.c. 
Hands  in  bath  at  3.3o  P.M.  At  3.42½  hands  in  calorimeters.  3,oi5  c.c.  of 
water  in  each  calorimeter. 
Time. 
3.41 
3.43 
3.44 
3.45 
3.46 
3.47 
3.48 
3.49 
3.50 
3.5 I 
3.52 
Time. 
4.02 
4.03 
4.o4 
4.05 
4.o6 
4.o7 
4.o8 
4.o9 
4.10 
Temperature of 
Calorimeters. 
Room. 
Right.  Left. 
31.22  °  31.24  ° 
3I.I9  °  31.26  ° 
31.22  °  31.3  °0  24.7  ° 
31.295 ° 31.36  °  24.9  ° 
31.35 °  31.4o  ° 
31.4o  °  31.43  °  24.95  ° 
31.44  °  31.465 ° 
31.5 l°  31.495 ° 
31.57  ° 
31.65 ° 
31.7 l° 
Time. 
3.53 
3.54 
3.55 
3-56 
3-57 
3.58 
3.59 
4.00 
Temperature of 
Calorimeters. 
Room. 
Right.  Left. 
31.76  °  31.65 ° 
31.795 ~ 31.68  ° 
31.84  °  31.695 ° 
31.89  °  31.73  ° 
31.95  °  11.76 ° 
31.98  °  11.78 ° 
32.02 °  31.79  ° 
32.07  ° 
Notes. 
24.8  °  Here  the  cold  water  was 
mentioned. 
24.6  ° 
24.3  °  Here  the  cold  water  was 
brought. 
At  3.59  left  hand  put  in 
24.4  °  water at 7.8  °  C. 
31.53  ° 
31.580 
31.62  ° 
Temperature of 
24.9  ° 
4.Ol  [32.o8  ° 
Right 
calorim-  Room. 
eter. 
32.0950  i 24  .40 
32.11 ° 
32.13  °  24.4  ° 
32.155 ° 
32.195  °  ,  24-4  ° 
32.225 ° 
32.265  ° 
32.295  °  24.3  ° 
32.33  ° 
At  4.1o  left  hand  put 
in water at 43.1 ° 
Time. 
4.11 
4.12 
4.13 
4.14 
4.15 
4.16 
4.17 
4.18 
4.19 
Temperature of 
Right 
calorim-  Room. 
eter. 
32.36  ° 
32.38  °  24.4  ° 
32.40  ° 
32.44  °  24.6  ° 
32.49  ° 
32.56  ° 
32.61 °  24.4  ° 
32.66  ° 
32.720  24.5  ° 
i 
Time. 
4.20 
4.34 
Tem- 
perature 
of right 
calorim- 
eter. 
32.82  ° 
32.67  ° 
Notes. 
Hand  removed  from  cal- 
orimeter at 4.20. 
TemperatUre  of  left  calo- 
rimeter at 4.34 is 31.41°  . 
Cooling  of  right  calorimeter o.15  °  in  I4 
minutes. 
Cooling  of  left  calorimeter  o.38°  in  35 
minutes. 
Volume of right hand 393 e.c. 
Volume of left hand 376 c.c. 
Rectal temperature 37.o  °  C. 
Water  equivalent  of  calorimeters  with  contents  in  the  feet  observations,  right 
3,731 ,  left  3,694;  in  the  hand  observations,  right  3,411,  left  3,396. G.  N. Stewart.  365 
In M.  C. the flow in the right foot was  5. I I  grams, and in the 
left 5.23  grams per IOO cubic centimeters of foot per minute lying 
down,  and only  3.96  grams for the right,  and 4.17  grams  for the 
left sitting up.  In J.  R. there was  also a  reduction in the flow in 
the sitting position, although less marked than in M. C.  (from 7.98 
and  7.58  grams  for  the  right  and  left  foot,  respectively, to  7.84 
and  6.90  grams  per  IOO  cubic  centimeters of  foot  per  minute). 
This is of importance in connection with tile fever obser'vations for 
it permits the assumption that the observed flows were at any rate 
as large as would have been obtained had the patients been sitting. 
These observations  can therefore be  safely compared with  all  the 
data obtained on normal persons.  It will be noticed that the flows 
in M. C. in the experiment of March 26,  1913,  agree with the results 
obtained nearly two years previously.  This shows that when proper 
precautions are taken, the range of variation  in the observed  foot 
flow in one and the same healthy person is moderate, just as is the 
case  for the hands.  Therefore, when great differences, usually in 
the direction of deficiency, are found in pathological cases it can be 
assumed with some confidence that  they are not  due to  accidental 
differences in the external conditions. 
The  reflex  vasomotor  effects  from  one  foot  to  the  other  are 
similar to those obtained in the hands, only the constriction elicited 
by cold seems to be more durable.  Thus in M. C. immersion of the 
right  foot in water at 8 °  C.  caused a  diminution in the flow in the 
left  foot  from 4.17  to  3.12  grams  per  IOO cubic  centimeters per 
minute for the first ten minutes of the immersion.  This gave place 
rather suddenly, as in the hand, to an increase in the flow  (to  5.17 
grams  per  IOO  cubic  centimeters per  minute)  for  the  remaining 
eight minutes of the immersion.  The greater susceptibility to vaso- 
constriction of the  feet than  of the hands  has  already been men- 
tioned in connection with the technique of the measurement since it 
introduces a  possibility of error which must be carefully minimized 
or excluded, especially in pathological cases, for in not a few clinical 
conditions  this  susceptibility  seems  to  be  augmented.  Where 
organic  local  changes  are  excluded  a  marked  diminution  in  the 
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a  feeble  flow  in  the  feet  due  to  deficient  driving  power  in  the 
circulation,  by  comparing  the  flow  in  the  hands  under  the  same 
conditions.  For  M.  C.  this  was  done  in  the  experiment  under 
discussion.  The  flow in the bands  in the  sitting  posture  came out 
I4.71  grams  per  IOO  cubic  centimeters  per  minute  for  the  right, 
and  15.1o  grams  for  the  left.  Even  the  greatest  foot  flow  seen 
in this  individual  does not approach  one half  of the  hand  flow per 
lOO  cubic centimeters  of tissue  per  minute.  The  average  of  four 
experiments  on  different  dates  for  the  right  foot  in  the  sitting 
position  is  4.28  grams.  The  average  of  nine  already  published 7 
experiments on the hands of M. C. in the sitting position, suitable as 
regards  the  range  of  room  temperature  and  comparable  in  other 
respects,  is  12.77  grams  for  the  right  hand,  and  I2.29  grams  for 
the left. 
In  table  I,  at  the  end  of  the  following  paper, s  are  given 
the  condensed  results  of  nine  additional  experiments  on  M.  C.'s 
hands,  the  average  flow  in  which  is  12.95  grams  for  the  right 
hand,  and  12.4I  grams  for  the  left.  If  the  observations  of  May 
24,  1911,  and  November  2 7 ,  1911,  be  excluded,  as  obviously ex- 
treme results due to external temperatures  which  for the conditions 
of .our experiments  may be considered  extreme,  we get an average 
of 12.91  grams  for the right  hand,  and  12.61  grams  for the left. 
In  this  man,  then,  the  ratio  of  I  to  3  holds  approximately  for 
the hand  and  foot flow as determined  under  our conditions.  It  is 
not pretended  that  the deficiency in the  foot flow as compared with 
the  hand  flow  is  in  reality  exactly  as  great  as  this.  As  already 
pointed out, the difference between the observed and the actual flow 
in  the  foot may be expected  to  be greater  than  the  corresponding 
difference  for the  hand  on account of the  difference in the  dimen- 
sions  of the  two parts.  The  smaller  the  foot  the  closer must  the 
observed  come  to  the  actual  flow.  Yet  the  error  "due  to  this  is 
apparently not great,  as is indicated by the comparison of the  hand 
and  foot flows in the young boy, N.R.  The  observations  on him 
were made  for the purpose  of  tes.ting  this  point.  The  volume of 
7 Stewart, G. N., Heart, loc.  tit., p. 33. 
s Stewart, G. N., ]our. Exper. Med., loc. cit., table I, p. 385. G. N. Stewart.  367 
his  feet is  no greater than that of  M.  C.'s hands,  in  fact somewhat 
less, and the average thickness of the skin even including that of the 
soles is probably less.  Although  the  greatest thickness  of the boy's 
foot is probably somewhat greater than the  maximum  thickness  of 
M.  C.'s hand,  the  dimensions of the two  objects do  not differ suffi- 
ciently to  forbid  the assumption  that  the  equalization  of  tempera- 
ture of the boy's foot and the man's hand  with that  of the calorim- 
eter  would  be  about  equally  complete.  If  therL  the  flow  in  the 
adult  foot as estimated in this  method  were  much  below the actual 
flow,  the  measured  flow  in  the  boy's  foot  should  approach  much 
nearer to that  in his  hand  than  is the  case  in  the  adult.  That  this 
is not so is shown in the  experiment of April 8,  1913. 
N. R., a  healthy boy aged 8 years and 9 months.  Hebrew.  Pulse  (sitting) 
84.  Blood  flow measured in  feet and hands.  Feet in bath at 2.03 V.M., in  calo- 
rimeters at 2.17½ P.M., and  out  of calorimeters at 2.55.  He sat throughout  the 
examination.  3,oi5 c.c. of water in  each  foot calorimeter, as finally  reduced  in 
capacity.  An additional  footrest was used to bring the flange of the calorimeter 
to the same level on the ankle as in the observations with adults.  His legs were 
loosely  wrapped up with towels  down to the calorimeters. 
Right.  Temperature of 
Time.  Calorimeters.  Time. 
Room. 
Left. 
30.87  °  23.5  °  2.39 
30.80  °  24.2 °  2.41 
I  3o.8o  °  24.3  °  2.43 
3o.795  ° 
30.805  ° 
3o.82  ° 
3o.825  ° 
2.13 
2.19 
2.2I 
2.23 
2.2~ 
2.27 
2.29 
2.3I 
2.33 
2.35 
2.37 
30.89  ° 
30.80  ° 
30.80  ° 
30.795  ° 
30.80  ° 
30.805 ° 
3o.8I ° 
30.85  °  3o.8I ° 
3o.87  °  3o.82  ° 
3o.89  °  30.82  ° 
30.900  30.825  ° 
24.3  ° 
24.3  ° 
24.I0 
24.0  ° 
24.0  ° 
24.0  ° 
23.950 
2.45 
2.47 
2.49 
2.5I 
2.53 
2.55 
2.57 
3.34 
Temperature of 
Calorimeters. 
Right.  Le~. 
30.92  °  30.85  ° 
30.93  °  3o.86  ° 
3o.96  °  30.87  ° 
30.965  °  3o.875  ° 
3o.99  °  30.88  ° 
31.02  °  30.91° 
31.04  °  30.915  ° 
31.05  °  30.92o 
31.07  °  30.925  ° 
31.08  °  30.89  ° 
30.58  °  30.39  ° 
Room. 
23.95  ° 
23.95 
24.0  ° 
24.0  ° 
24.0  ° 
24.0  ° 
24.0  ° 
24.I ° 
Cooling  of  calorimeters  in  37  minutes,  right  0.50  °  ,  left  0.50  ° .  Volume  of 
right  foot 491  c.c., of left foot 48o c.c.  Water equivalent  of calorimeters with 
contents,  right 3,593, left 3,585. 
Hands in bath at 3.26 P.M., in calorimeters at 3.37½ P.M., and out of calorim- 
eters at 3.58..  3,II5 c.c. of water in each hand calorimeter. 368  Studies on the  Circulation  in Man. 
Time. 
3.37 
3.39 
3.4o 
3.41 
3.42 
3-43 
3.44 
3-45 
3.46 
3.47 
3.48 
Temperature  of 
Calorimeters. 
Right.  Le~. 
3O.82  °  3O.98  ° 
30.82  °  30.96  ° 
30.83  °  30.98  ° 
30.835  °  3O.99  ° 
3O.84  °  30.995  ° 
30.845  °  31.00  ° 
30.85 °  31.o15  ° 
30.88  °  31.o4  ° 
30.900  31.o6  ° 
30.915  °  31.095  ° 
30.935  °  3I.IO  ° 
Room. 
23.9 ° 
23 .9  ° 
23.85  ° 
23.9  ° 
23.95  ° 
24.0  ° 
Time. 
3-49 
3.5o 
315 I 
3.52 
3.53 
3-54 
3.55 
3.56 
3.57 
3.58 
4.14 
Temperature  of 
Calorimeters. 
Right.  Left. 
30.94 °  3I.I05  ° 
30.96 °  3I.II  ° 
30.965  °  3I.II  ° 
3o.975  °  3I.I25 ° 
30.99  °  31.135  ° 
31.00  °  3I.I45  ° 
3I.OO  °  3I.I5 ° 
31.O2  °  3I.I75 ° 
31.O4  °  3I.I95 ° 
31.095  °~  31.19  °9 
30-95  °~  3 I.O0  °9 
Room. 
24.0 ° 
24.0 ° 
24.I ° 
24.I  ° , 
Pulse (sitting)  80.  Rectal temperature  37.2 °. 
Cooling of calorimeters  in I6 minutes,  right o.I45 °, left o.r9 °.  Volume  of right 
hand  2o6  c.c.,  of  left  hand  I8o  c.c.  Second  observation  on  hand  volumes,  right 
hand  2oo  c.c.,  left  I82  c.c.  Average  for  right  203  c.c.,  for  left  I8X  c.c.  Water 
equivalent  of  hand  calorimeters  with  contents,  right  3,357,  left  3,34o. 
In this experiment  the blood flow in the feet for the last eighteen 
minutes  of the  immersion  in calorimeters  was  3-37 grams  per  ioo 
cubic centimeters  of  foot  per minute  for  the  right  foot,  and  2.86 
grams  for the  left.  For  the  hands  for the  last  15  minutes  in  the 
calorimeters the flow was 8.22 grams  per  Ioo cubic centimeters  per 
minute  for the right  hand,  and 8.95  grams  for the left.  Consider- 
ing only the last ten minutes in the calorimeters,  the flow comes out 
8.o8 grams per Ioo cubic centimeters per minute  for the right hand. 
and  7.75  grams  for  the  left.  In  round  numbers  the  hand  flow 
(average ,of the two hands)  is 8 grams per Ioo cubic centimeters of 
tissue,  and  the  foot  flow  (average  of  the  two  feet)  3  grams  per 
Ioo  cubic  centimeters  of  tissue,  practically  the  same  ratio  as  in 
M.C.  The smaller calculated flow in the  foot than in the hand  of 
the  adult  is therefore not due to more complete equalization of the 
temperature  of  the  hand  with  that  of  the  water  than  is  the  case 
for the  foot. 
In C. B.  in the experiment  of May 2,  I91 I, the flow in the  right 
foot  was  4.73  grams  per  Ioo cubic  centimeters  per  minute,  with 
room temperature  a  little over 26 °  C.,  whereas the highest flow ob- 
o These  readings  were  all  verified. G. N.  Stewart.  369 
served in his hands on an extremely hot day, with room temperature 
28.9 ° , was  12.54 grams  for the  right  and  I3.34 grams  for the left 
(May 22,  I9II), and  the average of all  hand observations on this 
man works out at 8.4 grams per  IOO cubic centimeters  per minute. 
The  ratio  of the  volume  of  C.  B.'s  foot to  M.  C.'s  is  about  1  to 
1.25 . 
In  the  experiment  of  March  25,  1913,  on  J.  R.,  comparison  is 
complicated by the  /act that  the  left hand  has  a  much  smaller flow 
than the  right  (12.38  grams  per  lOO cubic centimeters  per  minute 
for  the  right,  8.82  grams  for  the  left).  A  difference  as  great  as 
this  is  rare  in  normal  persons.  In  fact,  in those I  have  examined 
there is no other instance,  although  in clinical  cases with unilateral 
anatomical differences and even without such in certain neurological 
conditions,  still greater differences may be found.  Where a  differ- 
ence  of  any  magnitude  is  temporary,  that  is  to  say,  where  it  is 
obtained  one day and  not the  next,  or the  next  week,  it  cannot be 
far wrong to interpret it as due to such an accidental vasomotor dif- 
ference  as  is  familiar  in  other  parts;  for  example,  when  one  ear 
is hot and red and the other cold and pale.  In J.  R.,  however, the 
same difference between the hands  was  found on March  22,  1913, 
lO.O8  grams  per  IOO  cubic  centimeters  per  minute  for  the  right 
hand,  and 7.25  grams  for the left, with room temperature  24.0 °  C. 
The  ratio between the flows in the left and  right  hands  is the same 
(I to 1.39 )  as on March 25, when it was  I  to  1.4o. 
In the absence of further  examination,  which will be made later, 
all that  can be said is that this  indicates  some permanent  condition 
on which the inequality of the flow in the two hands  depends.  The 
young man  states that  he  feels well, but he bleeds easily.  A  week 
before the examination of March 22 he lost half a glass of blood by 
bleeding  from the nose.  A  small cut on the  finger bled for  fifteen 
minutes  a  few days after.  He says that cuts always bleed a  long 
time.  lie  states  that  a  brother  and  a  sister  bleed  easily and  the 
bleeding"  is  difficult  to  stop.  Some  of  his  cousins  also  have  this 
peculiarity.  The  slow  pulse  rate,  not  responding  to  change  of 
posture, on March  22, and  the much more rapid  rate on March  25 
are also peculiar features, and it is possible that this case should not 370  Studies on the Circulation in Man. 
be considered entirely a  normal one.  At any rate,  for our purpose 
it  will  be safest  to  neglect  the  left  hand.  The  ratio  between the 
flows in  the  right  foot  and  right  hand  in  the  sitting  posture  then 
comes  out  approximately  I  to  1.6.  The  ratio  of  the  combined 
volume of  his  feet  to  the  combined  volume  of  the  feet  of  M.  C. 
is  I  to  1.28. 
Jr.  R.--March  22,  1913.  Hands  in  bath  at  11.55  A.~.,  in  calorimeters  at  I2.O6~ 
P.M.  3,o15  c.c.  of  water  in  each  calorimeter.  Pulse  (sitting)  52,  counted  for  a 
minute  at the  end  of  the examination.  Just  before  the  examination  of  the hands 
the  rate  was  52  and  51  for  two  successive minutes  in the  supine  position. 
Time. 
12.06 
12.08 
12.09 
12.10 
12.11 
12.12 
12.13 
12.14 
I2.15 
Temperature of 
Calorimeters. 
Room 
Righ  Left. 
~o.69  30.75 ° 
~o.59  3o.71 ° 
Io.6o  3o.715  22.7 ° 
~0.6o  30.720  22.9 ° 
~o.65  30.745  22.9 ° 
~o.69  30.77  °  22.95 
|0.73  30.78  ° 
~O.79  30.80  °  23.8  ° 
30.83 °  23.7  °  3O.83 
Notes. 
Radiator 
turned on. 
Time. 
12.16 
12.17 
12.18 
12.19 
I2.20 
12.21 
12.22 
12.23 
I2.24 
Temperature of 
Calorimeters. 
Right.  L~ ft. 
3O.91°  I30.89  ° 
30.94  °  [30.9t ° 
3O.99 °  [30.93  ° 
3I.O4  °  ]30.97  ° 
31.1o°  130.995 
31.I25°[31.00 ° 
3I  I8  °  13t O3 ° 
31.20  °  31.O4  ° 
I 
31.235 
Notes.! 
Room. 
24.0  ° 
24.1 ° 
24.2 ° 
24"3°  At  12.22  he 
saw  the 
cold water. 
!At  I2.23  left 
hand  in 
water at 
8 °  C. 
i 
12.25 
12.26 
12.27 
I2.28 
12.29 
12.3o 
12.31 
12.32 
12.33 
12.34 
12.35 
12.36 
12.37 
31.25 
31.26 ° 
31.27 ° 
31.28 ° 
31,295 ° 
31.31° 
31.325 ° 
31.345 ° 
31.38 ° 
31.39 ° 
31.4o ° 
31.4 l° 
31.42o 
24.3 ° 
24.3 ° 
24.2 ° 
24.0  ° 
24'0°  ] 
I 
2  °[A  12  6  lef  3.95  [  t  .3  t 
r,  hand  in 
[  water  at 
1  43"2°" 
12.38 
12.39 
12.4o 
12.41 
12.42 
12.43 
12.44 
12.45 
12.46 
12.47 
12.48 
1.0I 
J 
31.425°i 
31.460 
31.49  ° 
31.520 
31.580 
31.62 ° 
31.68 ° 
31.75 ° 
31.795 
31.84 ° 
31.920 
3I"8°°  i3°"64° 
23.95 ° ] 
I 
i 
23.9°  i 
I 
23.85°i 
24.0  ° 
24.1 ° 
!Hand  out  of 
calorimeter 
at 12.48. 
Cooling  of  calorimeters,  right  o.I2 °  C.  in  13  minutes,  left 0.40 °  C.  in  38  min- 
utes.  Volume  of  right  hand  397  c.c.,  of  left  hand  354  c.c.  Water  equivalent  of 
6  o  calorimeters  with  contents,  right  3,412,  left 3,378.  Rectal  temperature  3  .5  C. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  XVlll.  PLATE  22. 
FIG,  I. 
(Stewart:  Studies on the  Circulation in Man. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  XVlll  PLATE  23. 
FIG.  2. 
(Stewart:  Studies on the Circulation in Man.} THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE VOL.  XVlll.  PLATE  24. 
FIG.  3. 
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It  will,  therefore, probably not be  far wrong to assume that in 
normal adults  the ratio between the  foot flow and the hand  flow 
as  estimated  in  this  way  will  not  pass  much  in  either  direction 
beyond the limits  I  to  3  and  I  to  2.  Where we encounter foot 
flows which, in the absence of known anatomical causes, oblitera- 
tiv~ arteritis  for example, are much below one third of the hand- 
flow in the same person, we shall usually not be wrong in concluding 
that  the  peripheral  fesistance in  the  path  through the  feet  is  in- 
creased in proportion lo that .of the path through the hand, and that 
in general the increase is due to vasomotor influence. 
CONCLUSIONS. 
I.  The blood flow in the feet is smaller per unit of volume of the 
part than in the hand, the ratio of foot flow to hand flow per IOO 
cubic  centimeters of the part  usually lying in  normal persons  be- 
tween I  to 3 and I  to 2. 
2.  In the supine position,  with the legs hanging down, the flow 
in the feet seems to be somewhat greater than in the sitting position. 
FIG. I. 
EXPLANATION  OF  PLATES. 
PLATE 22. 
Foot calorimeter.  For description see text  (p.  354). 
PLATE 23. 
FIG. 2.  Arrangement for  the measurement of  foot  flow  with the patient in 
sitting position.  At the left is shown ~he arrangement for measuring the volume 
of the feet.  The legs should be more completely covered. 
PLATE 24. 
FI6. 3.  Arrangement for measuring the foot flow in a patient not well enough 
to  sit  up.  The  legs  should  be  more  completely  covered  than  is  indicated  in 
the figure. 